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OFDM RECEIVING APPARATUS AND RECEIVING 
METHOD THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present document is based on Japanese Priority 
Application JP2003-065374, ?led in the Japanese Patent 
Of?ce on Mar. 11, 2003, the contents in Which being 
incorporated herein by reference to the extent permitted by 
laW. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a receiving appa 
ratus based on Orthogonal Frequency Division Multiplexing 
(OFDM) in Which frequencies of sub-carriers are orthogo 
nally assigned each other in each symbol period, in particu 
lar, to an OFDM receiving apparatus and a receiving method 
thereof for performing diversity receiving so as to obtain a 
channel characteristic that alloWs a second or later delay 
Wave to be cancelled or Weakened. 

[0004] More speci?cally, the present invention relates to 
an OFDM receiving apparatus and a receiving method 
thereof for performing selective diversity receiving for sig 
nals With a plurality of antenna elements for each sub-carrier 
so as to improve a frequency characteristic, in particular, to 
an OFDM receiving apparatus and a receiving method 
thereof for performing selectively diversity receiving based 
on a condition of a transmission path and in consideration of 
poWer consumption of the receiving apparatus. 

[0005] 2. Description of Related Art 

[0006] In recent years, mobile communication apparatuses 
such as cellular phones and in car telephones are increas 
ingly used and on demand. NoWadays, most people are 
using mobile communication apparatuses, Which are 
increasingly being recogniZed as essential on their social 
lives. HoWever, When Wireless transmission is performed in 
a mobile transmission environment, the quality of transmis 
sion signals is remarkably deteriorated due to fading. 

[0007] As a technology for accomplishing high-speed, 
high-quality Wireless transmission, the so-called Orthogonal 
Frequency Division Multiplexing (OFDM) system has 
attracted attention. The OFDM system is one type of multi 
carrier transmission system. Frequencies of each carrier are 
orthogonally assigned each other in each symbol period. 

SUMMARY OF THE INVENTION 

[0008] As an example of information transmission based 
on the OFDM system, serial information that has been 
transmitted is converted into parallel information in each 
symbol period that is loWer than the information transmis 
sion rate. Aplurality of parallel data is assigned to respective 
carriers. The parallel data of each carrier is modulated. 
Inverse Fast Fourier Transform is performed for the modu 
lated data of each carrier. As a result, the data is converted 
into time domain signals While the orthogonality of carriers 
is kept in the frequency domain. The resultant time domain 
signals are transmitted. 

[0009] For example, When data of each sub-carrier is 
modulated based on Binary Phase Shift Keying (BPSK) and 
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a serial signal is converted into parallel signal in a symbol 
period that is 1/256 of the information transmission speed, the 
number of carriers is 256. As a result, the inverse FFT is 
performed for 256 carriers (or sub-carriers). The demodu 
lation is performed in a reverse manner, that is, the FFT is 
performed for a signal in the time domain, Which is con 
verted into a signal in the frequency domain. Signals of 
individual carriers are demodulated based on modulating 
systems corresponding thereto and information of the origi 
nal serial signal is reproduced. 

[0010] Experimental results shoW that the OFDM trans 
mission system has a satisfactory transmission characteristic 
in the environment in Which a delay Wave is present. For 
example, the IEEE 802.11a standard, Which is Well knoWn 
as a Wireless LAN standard, uses the OFDM system in a5 
GHZ band to accomplish a transmission rate of up to 54 
Mbps. 
[0011] When a same volume of data is transmitted, the 
OFDM transmission system has a longer symbol period than 
the single carrier transmission system. As a result, the 
OFDM transmission system has a characteristic in Which it 
has a resistance against fading such as multi-path fading (in 
Which the delay time difference betWeen incoming Waves is 
large) and selective fading. HoWever, it cannot be said that 
transmission based on the OFDM system has a strong 
resistance against ?at fading in Which the delay time differ 
ence betWeen incoming Waves is small. 

[0012] FIG. 1 shoWs a frequency characteristic of an 
OFDM signal in a multi-path environment. In a communi 
cation path in Which a second delay Wave (an interference 
Wave such as a re?ection Wave) having an amplitude p and 
a delay '5 against a ?rst incoming Wave (for example, a 
desired Wave such as a direct Wave) is received, the OFDM 
signal has a frequency characteristic in Which a signal 
amplitude is (1-p) With every frequency difference 1/1. In 
particular, When the siZe of an interleaver is M><N and the 
carrier interval is Afc, if M/'c=Afc or N/"c=AfC is satis?ed, the 
amplitudes of code symbols that have been interleaved on 
the reception end successively decrease. As a result, burst 
errors take place. 

[0013] Diversity receiving Which uses signals received by 
a plurality of antenna elements that are disposed in a manner 
in Which correlations of signals become small is effective for 
signals of carriers in Which the amplitude of a reception 
signal decreases. The diversity reception is exempli?ed as 
selective diversity and maximum ratio combining diversity. 
The selective diversity selectively uses a reception signal 
that has the strongest poWer in a plurality of reception 
signals. The maximum ratio combining diversity demodu 
lates a plurality of reception signals and combines signals 
having the maximum ratios. When these diversity technolo 
gies are compared With respect to the circuit scales of 
apparatuses, since the selective diversity is capable of com 
bining receiving systems into one after the reception signals 
have been selected. In contrast, since the maximum ratio 
combining diversity requires a plurality of receiving systems 
corresponding to the number of reception signals until the 
reception signals are demodulated, the scale of the apparatus 
becomes relatively large. 

[0014] FIG. 2 shoWs an example of a structure of an 
OFDM receiving apparatus that uses an IEEE 802.11a array 
antenna that selectively combines (selects and combines) 
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reception signals according to a related art of reference, for 
example, Yoichi Matsumoto, Nobuaki MochiZuki, Masahiro 
Umehira (joint authorship), “OFDM Sub-Channel Spatial 
Combining Transmission Diversity for use With TDMA 
TDD Broad Band Mobile Wireless Communication Sys 
tem,” Technical Report, Rcs 97-209, The Institute of Elec 
tronics, Information and Communication Engineers, Japan. 

[0015] Reception signals received by antenna elements 
1-1 to 1-L are doWn-converted from RF frequency band 
signals into base band signals by RF and IF circuits 2-1 to 
2-L, respectively. Thereafter, the doWn-converted base band 
signals are converted into digital signals by corresponding 
A/D converters 3-1 to 3-L. The digital signals in the time 
domain are Fourier-transformed by digital Fourier trans 
forming sections (DFTs) 4-1 to 4-L and the converted 
signals are extracted as signals of individual carriers in the 
frequency domain. 

[0016] A selectively combining section 5 compares poW 
ers of signals received by receiving systems (each in Which 
is composed of the antenna 1, the RF and IF circuit 2, the 
A/D converter 3, and the DFT 4) for each sub-carrier. The 
selectively combining section 5 selects a signal having the 
maximum poWer for each sub-carrier. The selected carrier is 
deinterleaved by a deinterleaver 6. The deinterleaved signal 
is decoded to original transmission information by a decoder 
7. 

[0017] FIG. 3 illustrates principles by Which the OFDM 
receiving apparatus shoWn in FIG. 2 selectively combines 
signals for each sub-carrier. In the folloWing description, for 
simplicity, in FIG. 3, it is assumed that the number of 
antenna elements of the array antenna (namely, the number 
of receiving systems) is tWo. 

[0018] FIG. 3 shoWs poWers of carriers of signals 
received by the antenna elements 1-1 and 1-2. With respect 
to reception sub-carriers at frequencies f1, f4, and f5, the 
poWers of each sub-carrier received by the antenna element 
1-1 are larger than the poWers of sub-carriers received by the 
antenna element 1-2. In contrast, With respect to reception 
sub-carriers at frequencies f2 and f4, the poWers of sub 
carriers received by the antenna element 1-2 are larger than 
the poWers of sub-carriers received by the antenna element 
1-1. 

[0019] In such case, With respect to the frequencies f1, f4, 
and f5, the selectively combining section 5 selects the 
sub-carriers received by the antenna 1-1, Whereas With 
respect to the frequencies f2 and f4, the selectively combin 
ing section 5 selects the sub-carriers received by the antenna 
1-2. 

[0020] When the poWers of signals received by the 
antenna elements of the array antenna are compared, selec 
tively combined for each carrier, the SN ratios (Signal to 
Noise ratios) for each carrier may be improved, thus, satis 
factory receiving performance may be achieved. 

[0021] HoWever, in the structure of the diversity OFDM 
receiving apparatus that selects sub-carriers as shoWn in 
FIG. 2, it is necessary to extract sub-carriers for each 
antenna element. As a result, each of the receiving systems 
has to be provided With an A/D converter and a DFT and 
they have to be driven as shoWn in FIG. 2. As a result, the 
circuit scale of the apparatus becomes large. In addition, 
When the demodulation and the DFT are operated in all the 
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receiving systems, the poWer consumption of the entire 
receiving apparatus becomes considerably large. 

[0022] In addition, it Would not be necessary to selectively 
combine signals for each sub-carrier in a relatively satisfac 
tory communication environment having a loW error rate 
rather than a multi-path environment in a bad transmission 
characteristic. As a result, it Would be redundant to operate 
all the receiving systems. 

[0023] In vieW of the foregoing, it Would be desirable to 
provide an optimum OFDM receiving apparatus and a 
receiving method thereof for performing diversity receiving 
so as to provide a channel characteristic that alloWs a second 
or later delay Wave to be cancelled or Weakened. 

[0024] In addition, What is also needed is an optimum 
OFDM receiving apparatus and a receiving method thereof 
for performing selective diversity receiving for signals 
received by a plurality of antenna elements for each sub 
carrier so as to improve a frequency characteristic of the 
reception signals. 

[0025] Furthermore, What is further needed is an optimum 
OFDM receiving apparatus and a receiving method thereof 
for performing selective diversity receiving based on a 
condition of a transmission path and in consideration of 
poWer consumption of the receiving apparatus. 

[0026] A ?rst aspect of the present invention includes an 
orthogonal frequency division multiplexing (OFDM) receiv 
ing apparatus for selectively using a plurality of OFDM 
reception signals, having: a plurality of receiving antennas; 
a plurality of carrier restoring sections disposed correspond 
ing to the plurality of receiving antennas, each of the 
plurality of carrier restoring sections including: an RF and IF 
section for doWn-converting a reception signal from an RF 
frequency band to a base band signal, a digital converting 
section for converting an analog base band signal into a 
digital signal, and a Fourier transform section for Fourier 
transforming the digital signal converted by the digital 
converting section and extracting carriers signals in a fre 
quency domain from the Fourier-transformed digital signal; 
a sub-carrier selecting section for comparing poWers of 
output signals of the carrier restoring sections for each 
sub-carrier and selectively combining the poWers of the 
output signals for each sub-carrier; and a poWer controlling 
section for controlling poWer supplied to the plurality of 
carrier restoring sections connected to the plurality of 
receiving antennas based on sub-carrier selection informa 
tion that is output from the sub-carrier selecting section. 

[0027] The OFDM receiving apparatus may further 
include a deinterleaver for deinterleaving the digital signal 
that is output from the digital converting section; and a 
decoder for decoding the deinterleaved signal. 

[0028] When the same amount of data is transmitted, the 
OFDM transmission system has a longer symbol period than 
the single carrier transmission system. As a result, the 
OFDM transmission system has a characteristic in Which it 
has a resistance against fading such as multi-path fading (in 
Which the delay time difference betWeen incoming Waves is 
large) and selective fading. In addition, transmission based 
on the OFDM system has a strong resistance against ?at 
fading in Which the delay time difference betWeen incoming 
Waves is small. Furthermore, it is knoWn that diversity 
receiving that uses signals received by a plurality of receiv 
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ing antennas that are disposed in the manner that correla 
tions of the signals become small is effective for the ?at 
fading. 
[0029] When the powers of signals received by the receiv 
ing antennas are compared, selectively combined for each 
sub-carrier, the SN ratios of each carrier may be improved. 
As a result, according to that technology, a considerably 
satisfactory receiving performance may be achieved. HoW 
ever, in the structure of the diversity OFDM receiving 
apparatus that selects carriers, it is necessary to eXtract 
sub-carriers for each receiving antennasach of the receiving 
systems has to be provided With an A/D converter and a DFT 
and they have to be driven. As a result, the circuit scale of 
the apparatus becomes large. In addition, When the demodu 
lation and the DFT are operated in all the receiving systems, 
the poWer consumption of the entire receiving apparatus 
becomes considerably large. 

[0030] In contrast, the OFDM receiving apparatus of the 
?rst aspect of the present invention is capable of accom 
plishing satisfactory receiving performance by selecting 
sub-carriers. In addition, the poWer controlling section of the 
OFDM receiving apparatus may be con?gured to select a 
receiving antenna from Which a satisfactory reception signal 
may be obtained from the plurality of receiving antennas 
based on the sub-carrier selection information and shut off 
poWer supplied to at least part of circuits of the carrier 
restoring sections connected to other than the selected 
receiving antenna. As a result, since redundant operation of 
the circuits may be avoided, the poWer consumption of the 
receiving apparatus may be reduced. 

[0031] When the poWer controlling section shuts off 
poWer supplied to all the RF and IF section, the A/D 
converting section, and the Fourier transforming section of 
the carrier restoring sections connected to other than the 
selected receiving antenna, the poWer consumption of the 
receiving apparatus may be remarkably reduced. When the 
poWer controlling section shuts off poWer supplied to at least 
the Fourier transforming section, the poWer consumption of 
the receiving apparatus may be suf?ciently reduced. 

[0032] The poWer controlling section may be con?gured 
to select a receiving antenna for each reception packet. The 
poWer controlling section may be con?gured to compare 
average poWers of reception poWers of header sections of 
packets received by the plurality of receiving antennas so as 
to select a receiving antenna from Which a satisfactory 
reception signal may be obtained. Alternatively, the poWer 
controlling section may be con?gured to compare average 
poWers of reception poWers of pilot signals of symbols 
received by the plurality of receiving antennas so as to select 
a receiving antenna from Which a satisfactory reception 
signal may be obtained. 

[0033] An open/close sWitch may be disposed betWeen 
each of the plurality of receiving antennas and the corre 
sponding carrier restoring section. A sWitch controlling 
section may be con?gured to turn on an open/close sWitch 
corresponding to the selected one of the plurality of receiv 
ing antennas and turn off open/close sWitches corresponding 
to other than the selected one of the receiving antennas so as 
to prevent unnecessarily operation of the receiving systems 
that are not used. 

[0034] The OFDM receiving apparatus of the ?rst aspect 
of the present invention may be con?gured to operate by 
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selecting a sub-carrier selectively combining mode or an 
antenna selecting mode. The sub-carrier selectively combin 
ing mode may be con?gured to estimate a communication 
environment based on an average poWer strength of a 
reception signal, sub-carrier selection information, and so 
forth and selectively combine signals based on the commu 
nication environment for each sub-carrier. The antenna 
selecting mode may be con?gured to select a receiving 
antenna. 

[0035] The sub-carrier selectively combining mode may 
be con?gured to cause the poWer controlling section to 
supply a drive poWer to the carrier restoring section con 
nected to each of the plurality of receiving antennas and 
eXtract carriers from all reception signals and cause the 
sub-carrier selecting section to selectively combine signals 
for each sub-carrier. 

[0036] The receiving antenna selection mode may be 
con?gured to select one of the plurality of receiving anten 
nas from Which a satisfactory reception signal may be 
obtained based on the sub-carrier selection information and 
cause the poWer controlling section to supply poWer only to 
the carrier restoring section that is connected to the selected 
one of the plurality of receiving antennas. In this case, only 
a carrier restoring section to Which is a drive poWer is 
supplied is con?gured to eXtract sub-carriers from the recep 
tion signal of the corresponding receiving antenna and 
perform a decoding process for the data. In other Words, 
sub-carriers are not extracted from all reception signals. As 
a result, since the carrier restoring section does not perform 
the decoding process, the poWer consumption of the receiv 
ing apparatus may be reduced. 

[0037] In a multi-path environment in Which the transmis 
sion characteristic is poor, since the receiving operation is 
performed in the sub-carrier selectively combining mode, a 
satisfactory receiving performance With an error rate loWer 
than a predetermined value may be secured. In contrast, in 
a relatively satisfactory communication environment in 
Which the error rates of reception signals are loW, since the 
receiving operation is performed in the antenna selecting 
mode, redundancy may be avoided in Which all the receiving 
systems are operated and signals are selectively combined 
for each sub-carrier. As a result, the poWer consumption of 
the receiving apparatus may be reduced. 

[0038] A second aspect of the present invention includes 
an OFDM receiving apparatus for selectively using a plu 
rality of OFMD reception signals, the OFDM receiving 
apparatus having: a plurality of receiving systems, each of 
Which includes a receiving antenna, an RF and IF section for 
doWn-converting a reception signal from an RF frequency 
band to a base band signal, a digital converting section for 
converting an analog base band signal into a digital signal, 
and a Fourier transform section for Fourier-transforming the 
digital signal converted by the digital converting section and 
extracting carrier signals in a frequency domain from the 
Fourier-transformed digital signal; a sub-carrier selecting 
section for comparing poWers of output signals of the 
plurality of receiving systems for each sub-carrier and 
selectively combining the poWers of the output signals for 
each sub-carrier; a poWer detecting section, disposed in each 
of the plurality of receiving systems, for detecting an aver 
age poWer of an output signal of the RF and IF section; a 
poWer comparing section for comparing the average poWers 
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of the output signals of the RF and IF sections of the 
plurality of receiving systems; and a power controlling 
section for controlling poWer supplied to the A/D converting 
section and the Fourier transforming section of each of the 
plurality of receiving systems based on the compared result 
of the poWer comparing section. 

[0039] The OFDM receiving apparatus of the second 
aspect of the present invention is an example of a modi? 
cation of the OFDM receiving apparatus of the ?rst aspect 
of the present invention. In this case, a drive poWer is 
supplied only to the A/D converting section and the Fourier 
transforming section connected to a receiving antenna in 
Which the average poWer of the reception signal is the 
maximum. In contrast, poWer supplied to the A/D converting 
section and the Fourier transforming section connected to 
each of the other receiving antennas is shut off. As a result, 
redundancy may be avoided in Which all the receiving 
systems are operated and signals are selectively combined 
for each sub-carrier. As a result, the poWer consumption of 
the receiving apparatus may be reduced. 

[0040] In the OFDM receiving apparatus of the second 
aspect of the present invention, the RF and IF circuits of all 
the receiving systems have to be constantly operated. As a 
result, the poWer consumption of the receiving apparatus of 
the second aspect is larger than the poWer consumption of 
the receiving apparatus of the ?rst aspect. HoWever, When 
analog signals are received rather than extracting sub 
carriers, a receiving antenna is selected. As a result, the 
selective diversity receiving may be accomplished on real 
time basis. 

[0041] A third aspect of the present invention includes an 
OFDM receiving apparatus for selectively using a plurality 
of OFMD reception signals, the OFDM receiving apparatus 
having: a plurality of receiving systems, each of Which 
includes: a receiving antenna, an RF and IF section for 
doWn-converting a reception signal from an RF frequency 
band to a base band signal, a digital converting section for 
converting an analog base band signal into a digital signal, 
and a Fourier-transforming section for Fourier-transforming 
the digital signal converted by the digital converting section 
and extracting carrier signals in a frequency domain from 
the Fourier-transformed digital signal; a sub-carrier select 
ing section for comparing poWers of output signals of the 
plurality of receiving systems for each sub-carrier and 
selectively combining the poWers of the output signals for 
each sub-carrier; a poWer detecting section, disposed in each 
of the plurality of receiving systems, for detecting an aver 
age poWer of an output signal of the A/D converting section; 
a poWer comparing section for comparing the average 
poWers of the output signals of the A/D converting sections 
of the plurality of receiving systems; and a poWer control 
ling section for controlling poWer supplied to the Fourier 
transforming section of each of the plurality of receiving 
systems based on the compared result of the poWer com 
paring section. 

[0042] The OFDM receiving apparatus according to the 
third aspect of the present invention is another example of a 
modi?cation of the OFDM receiving apparatus of the ?rst 
aspect of the present invention. In this case, a drive poWer 
is supplied only to the Fourier transforming section con 
nected to a receiving antenna in Which the average poWer of 
the reception signal is the maximum. In contrast, poWer 
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supplied to the Fourier transforming section connected to 
each of the other receiving antennas is shut off. As a result, 
redundancy may be avoided in Which all the receiving 
systems are operated and signals are selectively combined 
for each sub-carrier. As a result, the poWer consumption of 
the receiving apparatus may be reduced. 

[0043] In the OFDM receiving apparatus of the third 
aspect of the present invention, the RF and IF circuits and 
the A/D converters of all the receiving systems have to be 
constantly operated. As a result, the poWer consumption of 
the receiving apparatus of the third aspect is larger than the 
poWer consumption of the receiving apparatus of the ?rst 
aspect. HoWever, since an antenna is selected before extract 
ing sub-carriers, the selective diversity receiving may be 
accomplished in real time basis. 

[0044] A fourth aspect of the present invention includes a 
receiving method for use With an orthogonal frequency 
division multiplexing (OFDM) receiving apparatus for 
selectively using a plurality of OFDM reception signals 
received from a plurality of receiving antennas, the receiving 
method including the steps of: doWn-converting reception 
signals received from the plurality of receiving antennas 
from RF frequency band signals to base band signals; 
converting analog base band signals into digital signals; 
Fourier-transforming the digital signals converted at the 
digital converting step and extracting carrier signal in a 
frequency domain from the Fourier-transformed digital sig 
nals; comparing poWers of output signals of the Fourier 
transforming step for each sub-carrier and selectively com 
bining the poWers of the output signals for each sub-carrier; 
and controlling poWer supplied at the doWn-converting step, 
the A/D converting step, the Fourier-transforming step, and 
the comparing step performed corresponding to the plurality 
of receiving antennas based on sub-carrier selection infor 
mation that is output at the sub-carrier selecting step. 

[0045] A?fth aspect of the present invention is a receiving 
method for use With an OFDM receiving apparatus for 
selectively using a plurality of OFMD reception signals 
received from a plurality of receiving antennas, the receiving 
method including the steps of: doWn-converting reception 
signals received from the plurality of receiving antennas 
from RF frequency band signals to base band signals; 
converting analog base band signals into digital signals; 
Fourier-transforming the digital signals converted at the 
digital converting step and extracting carrier signals in a 
frequency domain from the Fourier-transformed digital sig 
nals; comparing poWers of output signals of the Fourier 
transforming step for each sub-carrier and selectively com 
bining the poWers of the output signals for each sub-carrier; 
detecting average poWers of output signals of the doWn 
converting step; comparing the average poWers of the output 
signals of the doWn-converting step; and controlling poWer 
supplied at the A/D converting step and the Fourier-trans 
forming step based on the compared result of the poWer 
comparing step. 

[0046] A sixth aspect of the present invention is a receiv 
ing method for use With an OFDM receiving apparatus for 
selectively using a plurality of OFMD reception signals 
received from a plurality of receiving antennas, the receiving 
method including the steps of: doWn-converting reception 
signals received from the plurality of receiving antennas 
from RF frequency band signals to base band signals; 
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converting analog base band signals into digital signals, 
Fourier-transforming the digital signals converted at the 
digital converting step and extracting carrier signals in a 
frequency domain from the Fourier-transformed digital sig 
nals; comparing poWers of output signals of the Fourier 
transforming step for each sub-carrier and selectively com 
bining the poWers of the output signals for each sub-carrier; 
detecting average poWers of output signals of the converting 
step; comparing the average poWers of the output signals of 
the converting steps; and controlling poWer supplied at the 
Fourier transforming step based on the compared result of 
the poWer comparing step. 

[0047] As it Will be described in more detail in the 
following, according to the preferred embodiments of the 
present invention, an OFDM receiving apparatus is pro 
posed in Which it may be possible to improve the frequency 
characteristic by selectively and diversity-receiving a signal 
received by a plurality of antenna elements for each sub 
carrier. 

[0048] Also, according to the preferred embodiments of 
the present invention, an OFDM receiving apparatus is 
proposed in Which it may be possible to perform diversity 
reception in response to conditions of the transmission path, 
taking poWer consumption into consideration. 

[0049] The present invention proposes an OFDM receiv 
ing apparatus having a sub-carrier selectively combining 
mode and an antenna selecting mode. The sub-carrier selec 
tively combining mode is con?gured to selectively combine 
signals for each sub-carrier. The antenna selecting mode is 
con?gured to select a receiving antenna. The OFDM receiv 
ing apparatus operates in a proper operation mode based on 
a communication environment. As a result, in a poor com 
munication environment, signals are selectively combined 
for each sub-carrier. HoWever, in a relatively satisfactory 
communication environment, unnecessarily operation of an 
RF and IF circuit, an A/D converter, and a DDT connected 
to each receiving antenna may be avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] The above and other features and advantages of the 
present invention Will become more apparent from the 
folloWing description of the presently exemplary preferred 
embodiment of the present invention taken in conjunction 
With the accompanying draWings, in Which: 

[0051] FIG. 1 is a schematic diagram shoWing frequency 
characteristic of OFDM signals in a multi-path environment; 

[0052] FIG. 2 is a schematic diagram shoWing an example 
of a structure of an OFDM receiving apparatus using an 
IEEE 802.11a array antenna according to the conventional 
art; 

[0053] FIG. 3 is a schematic diagram describing a prin 
ciple by Which signals are selectively combined for each 
sub-carrier by the OFDM receiving apparatus shoWn in 
FIG. 2; 

[0054] FIG. 4 is a schematic diagram shoWing a structure 
of an OFDM receiving apparatus according to a preferred 
embodiment of the present invention; 

[0055] FIG. 5 is a schematic diagram shoWing a structure 
of an OFDM receiving apparatus according to another 
preferred embodiment of the present invention; and 
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[0056] FIG. 6 is a schematic diagram shoWing a structure 
of an OFDM receiving apparatus according to another 
preferred embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0057] Preferred embodiments of the present invention 
Will be described beloW, With reference to the accompanying 
draWings. 
[0058] FIG. 4 schematically shoWs a structure of an 
Orthogonal Frequency Division Multiplexing (OFDM) 
receiving apparatus according to a preferred embodiment of 
the present invention. As it Will be described later, the 
OFDM receiving apparatus has a sub-carrier selectively 
combining mode and an antenna selecting mode. The sub 
carrier selectively combining mode is con?gured to selec 
tively combine (Which may conveniently mean select and 
combine) signals for each sub-carrier. The antenna selecting 
mode is con?gured to select an antenna element for receiv 
ing a signal. 

[0059] Antenna elements 11-1 to 11-L have respective 
directivities that differ from each other. The antenna ele 
ments 11-1 to 11-L receive OFDM transmission signals. The 
reception signals are supplied to RF and IF circuits 13-1 to 
13-L through open/close sWitches 12-1 to 12-L, respectively. 
In a period of the sub-carrier selectively combining mode, 
since sub-carriers extracted from the reception signals of the 
antennas 11-1 to 11-L have to be selectively combined, all 
the sWitches 12-1 to 12-L are turned on. In contrast, in a 
period of the antenna selecting mode, only a sWitch corre 
sponding to the selected antenna is turned on. 

[0060] First, the operation of the sub-carrier selectively 
combining mode Will be described. The RF and IF circuits 
13-1 to 13-L doWn-convert reception signals of the antenna 
elements 11-1 to 11-L from RF frequency signals into base 
band signals. Thereafter, the doWn-converted base band 
signals are converted into digital signals by corresponding 
A/D converters 14-1 to 14-L. The digital signals in the time 
domain are Fourier-transformed into signals in the fre 
quency domain by DFTs (Digital Fourier Transform sec 
tions) 15-1 to 15-L. 

[0061] Asub-carrier selecting section 16 compares poWers 
of signals received by receiving systems (each in Which is 
composed of the antenna 11, the RF and IF circuit 13, the 
A/D converter 14, and the DFT 15) for each sub-carrier. The 
sub-carrier selecting section 16 selects for example a signal 
having the maximum poWer for each sub-carrier. 

[0062] The sub-carrier selecting section 16 compares 
poWers of reception signals received by the antenna ele 
ments for each sub-carrier and selectively combines the 
signals. Since the SN ratio of each signal is improved for 
each sub-carrier, a considerably high receiving characteristic 
may be obtained. Aprinciple in Which signals are selectively 
combined for each sub-carrier is similar as described With 
reference to FIG. 3. 

[0063] Thereafter, a signal of the selected carrier is 
deinterleaved by a deinterleaver 17. The deinterleaved sig 
nal is decoded to original transmission information by a 
decoder 18. 

[0064] Next, operation in the antenna selecting mode of 
the receiving apparatus Will be described. As mentioned 
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above, the OFDM receiving apparatus according to the 
present embodiment has the receiving systems correspond 
ing to the antenna elements 11-1 to 11-L. Each of the 
receiving systems has circuit modules that eXtract carriers 
from a reception signal. The circuit modules are the RF and 
IF circuit 13, the A/D converter 14, the DFT 15, and the 
enable controlling circuit 21. The enable controlling circuit 
21 controls a driving poWer supplied to the RF and IF circuit 
13, the A/D converter 14, and the DFT 15. 

[0065] The poWer supplying operations of all the enable 
controlling circuits 21-1 to 21-L are controlled by a poWer 
controlling section 22. The poWer controlling section 22 
determines the poWer supply operations for the enable 
controlling circuits 21-1 to 21-L based on sub-carrier selec 
tion information that is output from the sub-carrier selecting 
section 16. In other Words, the poWer controlling section 22 
selects one antenna element from Which a satisfactory 
reception signal may be obtained based on the sub-carrier 
selection information and supplies a drive poWer to each 
circuit module connected to the selected antenna. In addi 
tion, the poWer controlling section 22 outputs a command 
signal to each of the enable controlling circuits 21-1 to 21-L 
so as to shut off poWer supplied to each circuit module 
connected to each of the other antennas elements. In this 
case, a data demodulating process and a data decoding 
process are performed based on a reception signal of the 
selected antenna. 

[0066] Since an antenna element is selected by the poWer 
controlling section 22 and the enable controlling circuits 
21-1 to 21-L, the poWer consumption of the receiving 
apparatus may be remarkably-reduced in comparison With 
the case that carriers are eXtracted from reception signals of 
all the antenna elements 11-1 to 11-L and the eXtracted 
signals are selectively combined. 

[0067] The poWer controlling section 22 repeatedly selects 
an antenna element for each packet. To select an antenna 
element from Which a satisfactory reception signal may be 
obtained, the average poWers of the reception poWers of the 
header sections of packets received by the antenna elements 
are compared. Alternatively, the average poWers of the 
reception poWers of pilot signals of symbols received by the 
antenna elements may be compared. 

[0068] In the antenna selecting mode, the sWitch control 
ling section 23 controls on and off operations of the open/ 
close sWitches 12-1 to 12-L disposed betWeen the antenna 
elements 11-1 to 11-L and the RF and IF circuits 13-1 to 
13-L of the receiving systems, respectively. According to the 
present embodiment, the sWitch controlling section 23 turns 
on the open/close sWitch of the selected antenna and turns 
off the open/close sWitches of the other antenna elements so 
as to avoid unnecessary operation of the receiving process. 

[0069] According to the OFDM receiving apparatus 
shoWn in FIG. 4, it is possible to sWitch betWeen the 
sub-carrier selectively combining mode (for extracting car 
riers from reception signals of all the antenna elements and 
selectively combining the eXtracted signals for each sub 
carrier) and the antenna selecting mode (for selecting an 
antenna element for Which a reception signal is processed). 

[0070] The operation modes may be sWitched based on a 
communication environment. In other Words, the poWer 
controlling section 22 estimates a communication environ 
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ment based on the average poWer strengths of reception 
signals, sub-carrier selection information, and so forth. In a 
multi-path environment in Which the transmission charac 
teristic is poor, the poWer controlling section 22 performs the 
receiving operation in the sub-carrier selectively combining 
mode. In contrast, in a relatively satisfactory communication 
environment in Which the error rates of reception signals are 
loW, the poWer controlling section 22 performs the receiving 
operation in the antenna selecting mode. 

[0071] In the sub-carrier selectively combining mode, the 
poWer controlling section 22 supplies a drive poWer to the 
circuit modules of all the receiving systems so as to eXtract 
carriers from reception signals of the antenna elements 11-1 
to 11-L. The sub-carrier selecting section 16 selectively 
combines signals for each sub-carrier. 

[0072] As a result, in a multi-path environment in Which 
the transmission characteristic is poor, a receiving perfor 
mance in Which the error rates of reception signals are 
suppressed to a predetermined value may be secured. 

[0073] In the antenna selecting mode, an antenna element 
from Which a satisfactory reception signal may be obtained 
is selected based on the sub-carrier selection information of 
the sub-carrier selecting section 16. The poWer controlling 
section 22 outputs a command signal to the enable control 
ling circuits 21-1 to 21-L so as to supply poWer to a 
receiving system corresponding to an antenna element from 
Which a satisfactory reception signal is obtained. In this 
case, sub-carriers are obtained from a reception signal of an 
antenna element corresponding to a receiving system to 
Which the poWer is supplied and then decoding is processed. 

[0074] As a result, in a relatively satisfactory communi 
cation environment in Which error rates of reception signals 
are loW, it becomes possible to avoid redundant operations 
of selectively combining signals for each sub-carrier in all 
receiving systems. As a result, the poWer consumption of the 
receiving apparatus may be reduced. 

[0075] FIG. 5 schematically shoWs a structure of an 
OFDM receiving apparatus according to another preferred 
embodiment of the present invention. As it Will be described 
later, the OFDM receiving apparatus has a sub-carrier selec 
tively combining mode and an antenna selecting mode. The 
sub-carrier selectively combining mode is con?gured to 
selectively combine signals for each sub-carrier. The 
antenna selecting mode is con?gured to select an antenna 
element. 

[0076] Antenna elements 11-1 to 11-L have respective 
directivities that are different from each other. The antenna 
elements 11-1 to 11-L receive OFDM transmission signals. 
The reception signals are supplied to RF and IF circuits 13-1 
to 13-L through open/close sWitches 12-1 to 12-L, respec 
tively. In a period of the sub-carrier selectively combining 
mode, since sub-carriers extracted from the reception signals 
of the antennas 11-1 to 11-L have to be selectively com 
bined, all the sWitches 12-1 to 12-L are turned on. In 
contrast, in a period of the antenna selecting mode, only a 
sWitch corresponding to the selected antenna is turned on. 

[0077] First, the operation of the sub-carrier selectively 
combining mode Will be described. The RF and IF circuits 
13-1 to 13-L doWn-convert reception signals of the antenna 
elements 11-1 to 11-L from RF frequency signals into base 
band signals. Thereafter, the doWn-converted base band 



US 2004/0233841 A1 

signals are converted into digital signals by corresponding 
A/D converters 14-1 to 14-L. The digital signals in the time 
domain are Fourier-transformed into carriers in the fre 
quency domain by Digital Fourier Transforming sections 
(DFTs) 15-1 to 15-L. 

[0078] Asub-carrier selecting section 16 compares poWers 
of signals received by receiving systems each in Which is 
composed of the antenna 11, the RF and IF circuit 13, the 
A/D converter 14, and the DFT 15 for each sub-carrier. The 
sub-carrier selecting section 16 selects for example a signal 
having the maximum poWer for each sub-carrier. 

[0079] The sub-carrier selecting section 16 compares 
poWers of reception signals received by the antenna ele 
ments for each sub-carrier and selectively combines the 
signals. Since the SN ratio of each signal is improved for 
each sub-carrier, a considerably high receiving characteristic 
may be obtained. Aprinciple in Which signals are selectively 
combined for each sub-carrier is similar to that described 
With reference to FIG. 3. 

[0080] Thereafter, a signal of the selected carrier is 
deinterleaved by a deinterleaver 17. The deinterleaved sig 
nal is decoded to original transmission information by a 
decoder 18. 

[0081] Next, the operation in the antenna selecting mode 
of the receiving apparatus Will be described. In the OFDM 
receiving apparatus according to the present embodiment, 
poWer detecting sections 31-1 to 31-L are disposed corre 
sponding to the receiving systems. The poWer detecting 
sections 31-1 to 31-L detect poWers of analog signals that 
are output from the RF and IF circuits 13-1 to 13-L, 
respectively. In addition, enable controlling circuits 21-1 to 
21-L are disposed corresponding to the receiving systems. 
The enable controlling circuits 21-1 to 21-L control a drive 
poWer supplied to the A/D converters 14-1 to 14-L and the 
DFTs 15-1 to 15-L, respectively. 

[0082] The poWer supplying operations of each of the 
enable controlling circuits 21-1 to 21-L are controlled by a 
poWer controlling section 22. The poWer controlling section 
22 determines the poWer supply operations for the enable 
controlling circuits 21-1 to 21-L based on reception poWer 
strengths of the receiving systems that are output from the 
poWer detecting sections 31-1 to 31-L, respectively. In other 
Words, the poWer controlling section 22 selects one antenna 
element from Which a satisfactory reception signal may be 
obtained based on the compared result of the reception 
poWers and supplies a drive poWer to each circuit module 
connected to the selected antenna. In addition, the poWer 
controlling section 22 outputs a command signal to each of 
the enable controlling circuits 21-1 to 21-L so as to shut off 
poWer supplied to each circuit module connected to each of 
the other antenna elements. In this case, a data demodulating 
process and a data decoding process are performed based on 
a reception signal of the selected antenna. 

[0083] In the antenna selecting mode, the sWitch control 
ling section 23 controls on and off operations of the open/ 
close sWitches 12-1 to 12-L disposed betWeen the antenna 
elements 11-1 to 11-L and the RF and IF circuits 13-1 to 
13-L of the receiving systems, respectively. According to the 
present embodiment, the sWitch controlling section 23 turns 
on the open/close sWitch of the selected antenna and turns 
off the open/close sWitches of the other antenna elements so 
as to prevent unnecessary operation of the receiving process. 
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[0084] Since an antenna element is selected by the poWer 
controlling section 22 and the enable controlling circuits 
21-1 to 21-L, the poWer consumption of the receiving 
apparatus may be remarkably reduced in comparison With 
the case that carriers are extracted from reception signals of 
all the antenna elements 11-1 to ll-L and the extracted 
signals are selectively combined. 

[0085] The OFDM receiving apparatus according to the 
second embodiment of the present invention supplies a drive 
poWer only to an A/D converter 14 and a DFT 15 connected 
to an antenna element having the maximum reception poWer 
detected using outputs of the RF and IF circuits 13-1 to 13-L. 
The OFDM receiving apparatus shuts off poWer supplied to 
A/D converting sections and Fourier transforming sections 
connected to the other antenna elements. As a result, redun 
dancy in Which signals are selectively combined for each 
sub-carrier by all the receiving systems may be avoided. As 
a result, the poWer consumption of the receiving apparatus 
may be reduced. 

[0086] In the OFDM receiving apparatus according to 
another preferred embodiment of the present invention, the 
RF and IF circuits 13-1 to 13-L of all the receiving systems 
have to be constantly operated. As a result, the poWer 
consumption of the receiving apparatus according to such 
embodiment is larger than the poWer consumption of the 
receiving apparatus according to the ?rst of the above 
mentioned embodiments. HoWever, When analog signals are 
received rather than extracting sub-carriers, an antenna 
element is selected. As a result, the selective diversity 
receiving may be accomplished on a real time basis. 

[0087] FIG. 6 schematically shoWs a structure of an 
OFDM receiving apparatus according to still another pre 
ferred embodiment of the present invention. As it Will be 
described later, the OFDM receiving apparatus has a sub 
carrier selectively combining mode and an antenna selecting 
mode. The sub-carrier selectively combining mode is con 
?gured to selectively combine signals for each sub-carrier. 
The antenna selecting mode is con?gured to select an 
antenna element. 

[0088] Antenna elements 11-1 to 11-L have respective 
directivities that are different from each other. The antenna 
elements 11-1 to 11-L receive OFDM transmission signals. 
The reception signals are supplied to RF and IF circuits 13-1 
to 13-L through open/close sWitches 12-1 to 12-L, respec 
tively. In a period of the sub-carrier selectively combining 
mode, since sub-carriers extracted from the reception signals 
of the antennas 11-1 to 11-L have to be selectively com 
bined, all the sWitches 12-1 to 12-L are turned on. In 
contrast, in a period of the antenna selecting mode, only a 
sWitch corresponding to a selected antenna is turned on. 

[0089] First, the operation of the sub-carrier selectively 
combining mode Will be described. The RF and IF circuits 
13-1 to 13-L doWn-convert reception signals of the antenna 
elements 11-1 to 11-L from RF frequency signals into base 
band signals. Thereafter, the doWn-converted base band 
signals are converted into digital signals by corresponding 
A/D converters 14-1 to 14-L. The digital signals in the time 
domain are Fourier-transformed into carriers in the fre 
quency domain by Digital Fourier Transforming sections 
(DFTS) 15-1 to 15-L. 

[0090] Asub-carrier selecting section 16 compares poWers 
of signals received by receiving systems each in Which is 
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composed of the antenna 11, the RF and IF circuit 13, the 
A/D converter 14, and the DFT 15 for each sub-carrier. The 
sub-carrier selecting section 16 selects for example a signal 
having the maximum power for each sub-carrier. 

[0091] The sub-carrier selecting section 16 compares 
poWers of reception signals received by the antenna ele 
ments for each sub-carrier and selectively combines the 
signals. Since the SN ratio of each signal is improved for 
each sub-carrier, a considerably high receiving characteristic 
may be obtained. Aprinciple in Which signals are selectively 
combined for each sub-carrier is similar to that described 
With reference to FIG. 3. 

[0092] Thereafter, a signal of the selected carrier is 
deinterleaved by a deinterleaver 17. The deinterleaved sig 
nal is decoded to original transmission information by a 
decoder 18. 

[0093] Next, the operation in the antenna selecting mode 
of the receiving apparatus Will be described. In the OFDM 
receiving apparatus according to the present embodiment, 
poWer detecting sections 31-1 to 31-L are disposed corre 
sponding to the receiving systems. The poWer detecting 
sections 31-1 to 31-L detect poWers of digital signals that are 
output from the A/D converters 14-1 to 14-L, respectively. 
In addition, enable controlling circuits 21-1 to 21-L are 
disposed corresponding to the receiving systems. The enable 
controlling circuits 21-1 to 21-L control a drive poWer 
supplied to the DFTs 15-1 to 15-L, respectively. 

[0094] The poWer supplying operations of all the enable 
controlling circuits 21-1 to 21-L are controlled by a poWer 
controlling section 22. The poWer controlling section 22 
determines the poWer supply operations for the enable 
controlling circuits 21-1 to 21-L based on reception poWer 
strengths of the receiving systems that are output from the 
poWer detecting sections 31-1 to 31-L, respectively. In other 
Words, the poWer controlling section 22 selects one antenna 
element from Which a satisfactory reception signal may be 
obtained based on the compared result of the reception 
poWers and supplies a drive poWer to each circuit module 
connected to the selected antenna. In addition, the poWer 
controlling section 22 outputs a command signal to each of 
the enable controlling circuits 21-1 to 21-L so as to shut off 
poWer supplied to each circuit module connected to each of 
the other antennas. In this case, a data demodulating process 
and a data decoding process are performed based on a 
reception signal of the selected antenna. 

[0095] The sWitch controlling section 23 controls on and 
off operations of the open/close sWitches 12-1 to 12-L 
disposed betWeen the antenna elements 11-1 to 11-L and the 
RF and IF circuits 13-1 to 13-L of the receiving systems, 
respectively. According to the present embodiment, the 
sWitch controlling section 23 turns on the open/close sWitch 
of the selected antenna and turns off the open/close sWitches 
of the other antenna elements so as to avoid unnecessary 
performance of receiving process. 

[0096] Since an antenna element is selected by the poWer 
controlling section 22 and the enable controlling circuits 
21-1 to 21-L, the poWer consumption of the receiving 
apparatus may be remarkably reduced in comparison With 
the case that carriers are extracted from reception signals of 
all the antenna elements 11-1 to 11-L and the extracted 
signals are selectively combined. 
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[0097] The OFDM receiving apparatus according to such 
third preferred embodiment of the present invention supplies 
drive poWer only to a DFT 15 connected to an antenna 
element having the maximum reception poWer detected 
using outputs of the A/D converting sections 14-1 to 14-L. 
The OFDM receiving apparatus shuts off poWer supplied to 
DFTs 15 connected to the other antenna elements. As a 
result, redundancy in Which signals are selectively combined 
for each sub-carrier by all the receiving systems may be 
avoided. As a result, the poWer consumption of the receiving 
apparatus may be reduced. 

[0098] In the OFDM receiving apparatus according to the 
preferred embodiment of the present invention just 
described, the RF and IF circuits 13-1 to 13-L and the A/D 
converters 14-1 to 14-L of all the receiving systems have to 
be constantly operated. As a result, the poWer consumption 
of the receiving apparatus according to the third embodi 
ment is larger than the poWer consumption of the receiving 
apparatus according to the ?rst embodiment. HoWever, 
When analog signals are received rather than extracting 
sub-carriers, an antenna element is selected. As a result, the 
selective diversity receiving may be accomplished on a real 
time basis. 

[0099] In the foregoing description, it Was assumed that an 
antenna or array of antennas disposed in the receiving 
apparatus according to each embodiment of the present 
invention performs diversity reception. The physical con 
?guration of the antenna may have a plurality of antenna 
elements and the antenna disposed in the receiving apparatus 
may be an array of antennas and/or antenna elements or a 
plurality of independent antennas and/or antenna elements. 

[0100] The foregoing describes the present invention by 
giving reference to speci?c examples of preferred embodi 
ments thereof. HoWever, it should be noted that although not 
explicitly described or shoWn in any of the preferred 
embodiments presented herein, it should be clear to those 
skilled in the art that various and any modi?cations, varia 
tions, combinations and sub combinations of the embodi 
ments may be devised Which embody the principles and are 
Within the spirit and scope of the of the present invention. 

What is claimed is: 
1. An orthogonal frequency division multiplexing 

(OFDM) receiving apparatus for selectively using a plurality 
of orthogonal frequency division multiplexing reception 
signals, said orthogonal frequency division multiplexing 
receiving apparatus comprising: 

a plurality of receiving antennas; 

carrier restoring section provided for each of said plurality 
of receiving antennas, said carrier restoring section 
including: 
Radio frequency and intermediate frequency section 

for doWn-converting a reception signal from a radio 
frequency band to a base band signal; 

digital converter for converting an analog base band 
signal into a digital signal, and 

Fourier-transform section for Fourier-transforming said 
digital signal converted by said digital converter and 
extracting a carrier in frequency domain from said 
Fourier-transformed digital signal; 
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sub-carrier selecting section for comparing powers of 
output signals from said carrier restoring section pro 
vided for each sub-carrier, and selectively combining 
the poWers of said output signals for each sub-carrier; 
and 

poWer controlling section for controlling poWer supplied 
to said carrier restoring section connected to said 
receiving antennas, based on sub-carrier selection 
information from said sub-carrier selecting section. 

2. The orthogonal frequency division multiplexing receiv 
ing apparatus as set forth in claim 1, further comprising: 

a deinterleaver for deinterleaving the digital signal output 
from said digital converter; and 

a decoder for decoding said deinterleaved signal. 
3. The orthogonal frequency division multiplexing receiv 

ing apparatus as set forth in claim 1, Wherein said poWer 
controlling section selects a receiving antenna for signal 
reception signal based on said sub-carrier selection infor 
mation, and shuts off poWer supplied to at least part of other 
connected circuits of said carrier restoring section. 

4. The orthogonal frequency division multiplexing receiv 
ing apparatus as set forth in claim 3, Wherein said poWer 
controlling section shuts off poWer supplied to part of 
circuits of said carrier restoring section connected to an 
antenna other than the selected receiving antenna, including 
said Fourier transforming section. 

5. The orthogonal frequency division multiplexing receiv 
ing apparatus as set forth in claim 3, Wherein said poWer 
controlling section selects an antenna from Which a satis 
factory reception signal can be obtained, by comparing 
average poWers of reception poWers of header sections of 
packets received by each of said plurality receiving anten 
nas. 

6. The orthogonal frequency division multiplexing receiv 
ing apparatus as set forth in claim 3, Wherein said poWer 
controlling section selects an antenna from Which a satis 
factory reception signal can be obtained, by comparing 
average poWers of reception poWers at each antenna related 
to a pilot signal introduced to each of a symbol. 

7. The orthogonal frequency division multiplexing receiv 
ing apparatus as set forth in claim 3, further comprising: 

open/close sWitch provided for each of said plurality of 
receiving antennas and said carrier restoring sections; 
and 

a sWitch controlling section for turning an open/close 
sWitch corresponding to said selected receiving antenna 
on and turning open/close sWitches of other receiving 
antennas off. 

8. The orthogonal frequency division multiplexing receiv 
ing apparatus as set forth in claim 3, further comprising: 

sub-carrier selectively combining mode for causing said 
poWer controlling section to supply drive poWer to all 
said carrier restoring sections connected to each of said 
receiving antennas and extract carriers from all recep 
tion signals, and selectively and combining signals for 
each sub-carrier at said sub-carrier selecting section; 
and 

antenna selection mode for selecting one of said receiving 
antennas from Which a satisfactory reception signal 
may be obtained, based on said sub-carrier selection 
information and causing said poWer controlling section 
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to supply poWer only to said carrier restoring section 
that is connected to said selected antenna. 

9. An orthogonal frequency division multiplexing receiv 
ing apparatus for selectively using a plurality of orthogonal 
frequency division multiplexing reception signals, said 
orthogonal frequency division multiplexing receiving appa 
ratus comprising: 

a plurality of reception systems including: 

receiving antenna; 

Radio frequency and intermediate frequency section 
for doWn-converting a reception signal from a radio 
frequency band to a base band signal; 

digital converter for converting an analog base band 
signal into a digital signal; and 

Fourier transform section for Fourier-transforming said 
digital signal converted by said digital converter and 
extracting a signal of sub-carrier in a frequency 
domain from the Fourier-transformed digital signal; 

sub-carrier selecting section for comparing poWers of 
output signals of each of said receiving systems for 
each sub-carrier, and selectively combining the poWers 
of output signals for each sub-carrier; 

poWer detecting section, provided in each of said plurality 
of receiving systems, for detecting an average poWer of 
an output signal of said radio frequency and interme 
diate frequency section; 

poWer comparing section for comparing average poWers 
of said output signals of said radio frequency and 
intermediate frequency sections of each of said receiv 
ing systems; and 

poWer controlling section for controlling poWer supplied 
to said digital converter and said Fourier transform 
section of each of said receiving systems based on a 
result of comparison by said poWer comparing section. 

10. The orthogonal frequency division multiplexing 
receiving apparatus as set forth in claim 9, Wherein said 
poWer controlling section supplies drive poWer only to said 
digital converter and said Fourier transform section con 
nected to a receiving antenna having a maximum average 
poWer of reception signal and shuts off poWer supplied to 
digital converters and Fourier transform sections connected 
to the other receiving antennas. 

11. An orthogonal frequency division multiplexing receiv 
ing apparatus for selectively using a plurality of OFMD 
reception signals, said orthogonal frequency division mul 
tiplexing receiving apparatus comprising: 

a plurality of reception systems including: 

receiving antenna; 

Radio frequency and intermediate frequency section 
for doWn-converting a reception signal from an radio 
frequency band to a base band signal; 

digital converter for converting an analog base band 
signal into a digital signal; and 

Fourier transform section for Fourier-transforming said 
digital signal converted by said digital converter and 
extracting a signal of sub-carrier in a frequency 
domain from the Fourier-transformed digital signal; 
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sub-carrier selecting section for comparing powers of 
output signals of each of said receiving systems for 
each sub-carrier, and selectively combining the poWers 
of output signals for each sub-carrier; 

poWer detecting section, provided in each of said plurality 
of receiving systems, for detecting an average poWer of 
an output signal of said Digital converter section; 

poWer comparing section for comparing average poWers 
of output signals of said Digital converters; and 

poWer controlling section for controlling poWer supplied 
to said Fourier transform section of each of said plu 
rality of receiving systems based on a result of com 
parison by said poWer comparing section. 

12. The orthogonal frequency division multiplexing 
receiving apparatus as set forth in claim 11, Wherein said 
poWer controlling section supplies drive poWer only to said 
Fourier transform section connected to a receiving antenna 
having a maximum average poWer and shuts off poWer 
supplied to Fourier transform sections connected to other 
receiving antennas. 

13. A receiving method for selectively using a plurality of 
orthogonal frequency division multiplexing (OFDM) recep 
tion signals received from a plurality of receiving antennas, 
said method comprising the steps of: 

doWn-converting a reception signal received from at least 
one of said plurality of receiving antennas from radio 
frequency band signals to a base band signal; 

converting an analog base band signal into a digital 
signal; 

Fourier-transforming the digital signal converted at said 
converting step; 

extracting a signal of sub-carrier in a frequency domain 
from said Fourier-transformed digital signal; 

comparing poWers of output signals of said Fourier 
transforming step for each sub-carrier and selectively 
combining the poWers of the output signals for each 
sub-carrier; and 

controlling poWer supplied at said doWn-converting step, 
said digitally converting step, said Fourier-transform 
ing step, and said comparing step performed corre 
sponding to said plurality of receiving antennas, based 
on sub-carrier selection information from said sub 
carrier selecting step. 

14. A receiving method for selectively using a plurality of 
orthogonal frequency division multiplexing (OFDM) recep 
tion signals received from a plurality of receiving antennas, 
said method comprising the steps of: 
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doWn-converting reception signals received from said 
plurality of receiving antennas from radio frequency 
band signals to base band signals; 

converting analog base band signals into digital signals; 

Fourier-transforming the digital signals converted at said 
converting step; 

extracting carrier signals in a frequency domain from the 
Fourier-transformed digital signals; 

comparing poWers of output signals of said Fourier 
transforming step for each sub-carrier and selectively 
combining the poWers of the output signals for each 
sub-carrier; 

detecting average poWers of output signals of said doWn 
converting step; 

comparing the average poWers of the output signals of 
said doWn-converting step; and 

controlling poWer supplied at said A/D converting step 
and said Fourier-transforming step based on a result of 
comparison by said poWer comparing step. 

15. A receiving method for selectively using a plurality of 
orthogonal frequency division multiplexing reception sig 
nals received from a plurality of receiving antennas, said 
receiving method comprising the steps of: 

doWn-converting reception signals received from said 
plurality of receiving antennas from radio frequency 
frequency band signals to base band signals; 

converting analog base band signals into digital signals; 

Fourier-transforming the digital signals converted at said 
converting step and extracting carrier signals in a 
frequency domain from the Fourier-transformed digital 
signals; 

comparing poWers of output signals of said Fourier trans 
forming step for each sub-carrier; 

selectively combining poWers of the output signals for 
each sub-carrier; 

detecting average poWers of output signals of said con 
verting step; 

comparing the average poWers of the output signals of 
said converting steps; and 

controlling poWer supplied at said Fourier transforming 
step based on a result of comparison by said poWer 
comparing step. 


